The revised trauma score (RTS) was developed more than 20 years ago. Few studies investigated its usefulness in predicting trauma outcomes. This is especially true for the weighted version of RTS (RTS-w). The aim of this study was to test the predicting power of RTS-w for the trauma outcomes including mortality, admission to intensive care unit (ICU), hospital length of stay and ICU length of stay through a comparison with Injury Severity Score (ISS). Methods: Descriptive data, variables related to the trauma scores and outcomes were collected. The statistical performance of RTS-w and ISS in predicting the trauma outcomes using receiver operating characteristics (ROC) curves and the area under the curve (AUC) with 95% confidence interval and p value were calculated. The Hosmer-Lemeshow chi-squared statistic was performed to measure its calibration. Results: A total of 3323 patients were enrolled in the study. RTS-w was significantly better than ISS in predicting mortality of trauma patients (AUC: 0.934 vs.0.880, p<0.0001). However, for the other three outcomes, i.e. admission to ICU, hospital length of stay and intensive care unit length of stay, the performance of RTS-w was inferior to ISS. Conclusions: The RTS-w is a better predictor of mortality than ISS. But its ability to predict other trauma outcomes is not as good as ISS. More studies are needed to identify the predictive ability of RTS-w for the outcomes other than mortality. Besides, updating the coefficients of the formula may make RTS-w more accurate. (Hong Kong j.emerg.med. 2013;23:234-239) 引言：修正創傷評分（ RTS ）提出已經超過 20 年，但關於其在預測創傷結局作用方面的研究還很少 見，特別是對於權重版 RTS （ RTS-w ）。本文通過將 RTS-w 與損傷嚴重程度評分（ ISS ）作比較來評 價 RTS-w 對於包括死亡、入住重症監護室（ ICU ）、住院時間以及住 ICU 時間等在內的創傷結局的預 測價值。方法：收集了患者的描述性的資料以及與計算創傷評分和結局的相關資訊。 RTS-w 以及 ISS 在 預測創傷結局方面的表現通過受試者工作曲線、曲線下面積及 95% 可信區間和 p 值進行比較。兩種評分 的校準度比較通過 Hosmer-Lemeshow 擬合優度檢驗完成。結果：共有 3323 名患者被納入了最後的研究。 在預測創傷患者死亡方面， RTS-w 表現顯著優於 ISS （ AUC: 0.934 vs.0.880, p<0.0001 ）。對於其他三
Introduction
Trauma scoring system is a tool to evaluate the severity of injury and predict outcomes of trauma patients. 1 A number of trauma scoring systems have been developed in the past few decades. 2 The most widely used trauma score systems can be classified in two types. 3 One is physiologic scoring system, such as trauma score (TS) and revised trauma score (RTS). The other is anatomical scoring system, such as injury severity score (ISS).
The physiologic trauma scoring system can provide a comprehensive evaluation to the physiologic derangement which the patients are suffering from the injury. The TS includes five parameters: respiratory rate, respiratory expansion, systolic blood pressure, capillary refill and Glasgow Coma Score (GCS). 4 However, it is difficult to calculate TS because the two parameters, capillary refill and respiratory expansion, were difficult to assess in the field, especially at night. 5 In 1989, Champion 6 revised the TS and developed the RTS, which excludes capillary refill and respiratory expansion. The RTS makes the calculation much easier.
There are two versions for RTS, i.e. triage RTS (T-RTS) and weighted RTS (RTS-w). 6 The T-RTS is mainly used in field triage and to determine which patients should be transported to a trauma centre. 7 The three variables are coded from 0 to 4 on the magnitude of physiologic conditions and the final score ranged from 0 to 12 (Table1). Those patients with T-RTS less than 11 should be transported to the trauma centre. 6 The RTS-w was quite different from the T-RTS. Each parameter of the RTS-w is assigned a weight, which was developed from logistic regression analysis based on the Major Trauma Outcome Study (MTOS). RTS-w is mainly used in trauma outcome study. The formula is: RTS-w=0.9368xGCS +0.7326xSBP+ 0.2908xRR. 6 The final score of RTS-w ranges from 0 to 7.8408. A lower score means higher injury severity. The three parameters represent the importance of the central nervous system, cardiovascular system and respiratory system to the outcome of trauma patients. In the formula, GCS has the highest weight and this indicates the importance of head trauma and the GCS on trauma outcomes.
At present, few studies investigated the applicability of RTS in trauma research, especially the RTS-w. 5 ISS has been introduced in the trauma research for more than 30 years. 8 Multiple studies confirmed its value in predicting trauma outcomes. 9, 10 However, it is still unclear which type of trauma scoring system, physiologic or anatomical, is better in predicting the outcomes of trauma patients. This study investigated and compared the usefulness of RTS-w with that of ISS in predicting the outcomes of injured patients and whether it is suitable to use the RTS-w in the evaluation of injured patients and trauma outcome studies? 
Results
A total of 3664 patients were admitted to the emergency department consecutively in the 6 hospitals in 2009. The following groups of patients were excluded: 202 patients with inadequate information to calculate the trauma scores, 124 patients who were younger than 16 years, 10 patients who died prior to admission to the emergency departments and 5 patients with severe underlying disease. Finally, 3323 patients were enrolled in this study. Description of the study population was presented in Table 2 . The mean age of the patients was 44 years with a standard deviation of 17 years and 73.7% (n=2450) of the patients were males. The majority of the patients were injured in motor vehicle collision or falls (60.4% and 13.5%, respectively). Two hundred and six patients died in the hospitals with a mortality of 6.20%. Among the mortality cases, 25 patients died in the emergency room, 180 patients in the ICU and only 1 patient in
Methods
The data of the injured patients admitted to the emergency departments in 2009 of 6 tertiary hospitals in Zhejiang province, located in the east of China, were collected. The following groups of patients were excluded: those with inadequate essential information to calculate RTS-w and ISS, death prior to admission to the hospital, less than 16 years of age, or those with severe pre-morbid underlying disease. The diagnosis of the pre-morbid underlying disease, as judged by their previous medical history and the findings after admission to the hospital, included coronary heart disease, cerebrovascular disease, chronic obstructive pulmonary disease, tuberculosis and chronic kidney disease. The demographic data e.g. age and gender were collected. The parameters of the RTS-w and ISS were extracted from the pre-hospital or emergency room records.
Measures of discrimination and calibration were used to compare the predicting power of RTS-w and ISS. The discriminative power of a model is its ability to correctly predict the outcome of interest and to discr iminat e b etween two mutu ally exclusive subpopulations or categories. For the present study, discrimination was analysed with the receiver-operator characteristic (ROC) curve and area under curve (AUCs) with 95% confidence intervals. The AUC ranges from 0.5 to 1 and a larger AUC represents a better discrimination. In this study, the comparisons of the two AUCs used the method developed by Hanley and Mc Neil. This method takes account the correlation between the two curves based on the Z score. Calibration describes the fit of a model and its ability to assign appropriate probabilities of the outcome of interest. In present study, we used the Hosmer-Lemeshow (H-L) chi-squared statistic to measure the calibration. A low value indicates a wellcalibrated model. The trauma outcomes in this study included mortality, admission to intensive care unit (ICU), hospital length of stay and ICU length of stay. When studying admission to ICU, the patients died in the emergency room was excluded because they were not admitted to the general ward or the ICU. When studying the hospital length of stay and ICU length of 
Prediction of trauma outcomes
When predicting mortality, RTS-w showed a better performance with AUC=0.934. ISS also had a moderate discrimination with AUC=0.880 (Table 3) . However, the performance of RTS-w was significantly better than that of ISS (p<0.0001). 
Discussion
The trauma scoring systems have been widely used since they were developed in late 1950s. 1 The main purposes of trauma scoring systems were to describe the severity of injury and predict outcomes. 11 The most widely studied trauma outcome was mortality. Other outcomes, like admission to ICU, ICU length of stay etc., have also been investigated in multiple studies. This study, based on the trauma population of 6 hospitals in Zhejiang province, China, compared the performance of RTS-w with ISS in predicting trauma outcomes and evaluated RTS-w. In this study, we found that RTS-w was good in predicting mortality of trauma patients, but for the other outcomes, the performances were significantly lower than that of ISS.
Since the introduction of the RTS, most studies were about the T-RTS and few investigated the RTS-w in the trauma outcome research. 5 The following may be the reasons for this phenomenon. Firstly, the three complicated coefficients of RTS-w make the calculation difficult. In addition, many confused the RTS-w with T-RTS and used the T-RTS in the trauma outcome studies. 5, 12, 13 Limited studies investigated the RTS-w in trauma outcomes. Therefore, studying the RTS-w may be helpful for our understanding of RTS-w and promoting its use in trauma evaluation.
The coefficients of the three parameters of RTS-w were obtained based on the MTOS study. Prior studies identified the high value of RTS-w in predicting mortality of trauma patients 6 and this confirmed the usefulness of physiologic trauma scoring systems. In our study, RTS-w was also a good predictor of mortality with AUC=0.934, which was significantly greater than that of ISS (AUC=0.880), and also with better calibration. This indicates that the trauma scoring system based on the physiologic parameters may reflect the injury severity well. The performance of RTS-w was better than ISS because of a number of reasons. Firstly, for the injured patients, the direct cause of mortality was the physiologic derangement of different body systems. Secondly, the patients with similar injury severity score may have totally different physiologic derangement. As a result, to this group of patients, the predicting power of ISS will be limited and RTS-w can better reflect the injury severity. Furthermore, ISS has inherent drawbacks when more than one severe injuries occur on the same body region. 8, 14, 15 Multiple studies indicated that ISS might underestimate the injury severity. 1, 3, 8 In this study, we also compared the performance of RTS-w and ISS in several other trauma outcomes including admission to ICU, hospital length of stay and ICU length of stay. However, RTS-w did not show equivalent ability when predicting these three outcomes. Regarding admission to ICU, which was a widely studied outcome in prior studies, 16 ,17 a significant difference was found when comparing the AUCs of the RTS-w and ISS. The AUC of ISS was almost 0.2 greater than that of RTS-w though the calibration of the two scores were quite similar. Prolonged hospital or ICU stay may impose great economic burden 18 to the patients and society. Lots of studies found that prolonged ICU stay may suggest ad ver se ou tco mes . 19, 20 In th is st ud y, IS S also outperformed RTS-w with significantly greater AUCs and better calibration in predicting hospital length of stay and ICU length of stay. RTS-w can predict mortality well, because the physiologic derangement were the direct cause of mortality, while admission to ICU, hospital length of stay and ICU length of stay were more dependent on the recovery of anatomical injuries. A considerable proportion of severely injured patients after emergency operation will be transferred to the ICU, however, the physiologic condition of this population may be relatively stable.
As a trauma score based on the physiologic parameters, 21, 22 RTS-w demonstrated high value in trauma research. However, a n u mb er o f d r a wb a c k s s h o u ld b e considered. Firstly, the formula of RTS-w is complex and difficult to calculate. The limitation of RTS-w is missing data for intubated cases. 3, 12, 13 In this study, a total of 202 patients lacked essential information to calculate the RTS-w. In Tolulope's study, RTS had the highest amount of missing data (21%) compared with other scoring systems. Another problem of RTS-w is the coefficients of the three parameters. 5 The coefficients of RTS-w were derived from the MTOS, a n d ma y n o t b e a p p ro p r ia t ely u sed in o th er populations. So this may limit the use of RTS-w in the trauma research. 12 Renewing the coefficients within the present trauma database or developing local coefficients may make the RTS-w more accurate. Furthermore, the physiologic parameters change as resuscitation progresses and this may decrease predicting ability of RTS-w based on the first set of data in emergency department.
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Conclusions
In this study, we find that RTS-w is superior to ISS in predicting trauma mortality. However, for other trauma outcomes including admission to ICU, hospital length of stay and ICU length of stay, the predictive value of RTS-w decreased sharply as compared to ISS. Is this a general character of the physiologic trauma scoring systems? More studies are needed to confirm this conclusion. The calculation of RTS-w relies on the physiologic condition, the real-time change of physiologic parameter may decrease the power of RTS-w basing on the data in emergency department in predicting trauma outcomes. Furthermore, the coefficients of RTS-w might only be applicable in certain population groups and revising the RTS-w coefficients may be more appropriate for the local population.
